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5.0-GHz KSTAR LHCD Launcher
• HFSS simulation for 32-waveguide coupler -Far-field radiation pattern and its electric fields are calculated using the Radiation Boundary.
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XOOPIC simulation
XOOPIC
• Object-oriented 2d3v particle-in-cell code written at UC Berkeley. • Two spatial and three velocity dimensions.
• Electromagnetic and electrostatic fields.
• Relativistic and non-relativistic particles.
• Cylindrical and Cartesian geometry with orthogonal non-uniform mesh.
• Boundary conditions include e.g.
-Free space boundaries -Conductors -Dielectrics -Emitting surfaces
KSTAR Model
• Lower hybrid grill in KSTAR is approximated with a 2d slab geometry.
• The magnetic field points along toroidal axis.
• The poloidal direction is assumed homogeneous.
• In the figure, red boundaries are free space boundaries with a thermal particle current into the plasma to compensate the particle losses. Blue areas are ideal conductors and the green surfaces excite the lower hybrid wave. The plasma is in the orange area. Particle loading and Grid • The reflection coefficients are averaged over two wave periods to remove the oscillation.
• After the initial transition the average reflection coefficient stabilises at about 2 ns.
Homogeneous Density Profile
• The reflection coefficients, averaged over the waveguides, for different edge densities are plotted in the figure.
• Cut-off density n c =3.2x10 17 m -3 , below which the wave does not propagate in the plasma, is marked with a dotted red line.
• The coupling of the power is seen to have a clear maximum near the density n=7x10 17 m -3 • For the eight-waveguide launcher, the average reflection at the optimum density is under 25 %.
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Wave propagation and magnetic field
Propagation of the Wave
• Noise is always present in PIC simulation. It is especially problematic if the field amplitudes are small.
• In the figure the poloidal magnetic field is plotted.
• The first mode with parallel refractive index n || = 2.18 propagates to the left and the second mode with n || = -6.39 propagates to the right.
• Plasma edge density is n 0 = 7 x 10 17 m -3 and the uniform density profile (homogeneous plasma).
• The phase difference, Δϕ = π/2, between the waveguides can be seen inside the waveguides. 
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Conclusion
• XOOPIC simulation -The reflection of the lower hybrid wave with homogeneous plasma is seen to have a minimum near the density n = 7 x 10 17 m -3 for the 8-waveguide coupler.
-The reflection rapidly also increases as the cut-off density n c =3.2 x 10 17 m -3 is approached.
-In the future, the density gradient scan for the edge density near and below the cut-off density are planned.
-32-waveguide coupler is tough to simulate because of very long computing time. The parallel processing may be necessary.
• HFSS simulation -The radiation directivity has the peak value at the left theta angle, 18 deg for the phase difference of 90 deg between waveguides.
-The parallel component of the electric field to the waveguide column has the same directivity pattern as that of the radiation.
